Selenium (Se) is an essential micronutrient, and the ability of some crops to accumulate Se is crucial for human and animal nutrition and health. Se deficiency can cause white muscle disease characterized by muscle weakness, heart failure, unthriftiness, and death in livestock. This study was undertaken to investigate the effect of sulphur (S) on Se concentration in alfalfa (Medicago sativa L. cv. Verko) as a nonhyperaccumulator plant. Alfalfa plants grown in the field were treated foliarly with 3 g Se ha −1 solutions of selenate, 3 g S ha −1 sulphate, and both. The concentration of Se in both the leaves and stems of plants was similar in the control and S-treated plants. Se concentration in plants treated with S was undetectable, as expected. S was shown to enhance Se accumulation in alfalfa. Furthermore, although foliar Se + S spray increased biomass, photosynthetic pigments decreased peroxidase activity and malondialdehyde content. Overall, results suggested that foliar Se + S spray can be applied as a biofortification to improve alfalfa plants with appropriate amounts of Se and better nutritional as well as functional quality.
Introduction
Selenium (Se) is a metalloid that resembles sulphur (S). As an essential micronutrient and component of seleno-amino acids and seleno-proteins for animals, many prokaryotes and some algae, Se is needed for good health in small amounts. Se has an important place for antioxidant defences and is a cofactor for the antioxidant enzyme glutathione peroxidase (Lu et al., 2010 ; Fariduddin et al., 2014; Lehotai et al., 2016) . Selenium, a non-essential element for plants, plays many beneficial roles in them (Hartikainen et al., 2000; Cartes et al., 2005) . Selenium enters the food chain through plants, and increasing evidence has shown that Se promoted the plant growth and, exogenous application of Se significantly increased chlorophyll a and b as well as carotenoid content in plant leaves (Filek et al., 2009; Malik et al., 2012) . New findings have approved that in low concentrations Se can prevent plants from oxidative stress (Barbara et al., 2014) . In contrast, as extra-Se affects growth and chlorophyll synthesis, it could be toxic because it is important in the formation of reactive oxygen species (ROS) that cause oxidative stress (Bañuelos et al., 2010; Cabannes et al., 2011) . To prevent extra-ROS in plant cells, nonenzymatic antioxidants, such as antioxidative enzymes, have important roles (Dai et al., 2015) . In higher plants, Se is taken up at the root level through the sulphate transporters. After uptake, Se may remain in inorganic form or get metabolized into seleno-cysteine or seleno-methionine through the sulphate assimilation pathway (Terry & Zayed, 2000) . As Se and sulphur (S) are chemically similar, Se can affect S homeostasis, redox status, and protein folding (De Kok & Kuiper, 1986). Seleno-amino acids could be combined with protein instead of cysteine and methionine and then cause misfolding events that may trigger ubiquitination and subsequent degradation of protein (Sabbagh & Van Hoewyk, 2012) .
Alfalfa is an important leguminous forage that has a wide distribution in the world, and it is an important component of the agroecosystem (Deng et al., 2014; Fan et al., 2015) . The agronomic biofortification of different food crops with Se could lead to a suitable strategy for increasing the intake of Se by animals and humans and reveal Se malnutrition problems (Poblaciones et al., 2014; Malagoli et al., 2015) . Se fertilizers would be one agronomic practice for Se biofortification to increase Se bioavailability in plants (Poblaciones et al., 2014; Smolen et al., 2016) .
There is limited evidence to suggest increased growth or other beneficial effects of Se for non-accumulator plants. Also, there is no known physiological mechanism involved in Se accumulation, translocation, and the characteristics of Se/S discrimination in alfalfa as a Se non-accumulator. In this regard, we have grown alfalfa to figure out the effect of foliarly applied sulphate and selenate as well in different parts of the plant, with their possible effects on the antioxidant mechanism and growth.
Materials and methods
Alfalfa (Medicagosativa L. cv. Verko) seeds were grown in acidic soil in a field in Braunschweig (N: 52 • 17', E: 10 • 26', 81 m above sea level). Seeds were sown on May 25 on four blocks, each with five 9 m×12 m distributed plots, randomly. Foliar spraying with sodium selenate (Se) at a concentration of 3 g Se ha −1 , sodium sulphate (S) at a concentration of 3 g S ha −1 , and sodium selenate + sodium sulphate (Se + S), each at a concentration of 3 g Se ha −1 and 3 g S ha −1 , was performed at the five-leaf stage on 19 June. Control plants were sprayed with water. Four treatments, Se, S, Se + S, and control were applied as follows. Spraying was performed in calm weather by spray truck. On all plot margins, plants from the outer 1.5 m were discarded for minimizing the possibility of effects of the treatment from a neighbouring plot. In each plot, the central parts were harvested and analysed. During the experiment, the average mean temperature was 16 • C, and during the same period the amount of precipitation was 268.5 mm: 135.7 mm before the foliar treatment and 132.9 mm after the treatment. The plants were harvested after 75 days at the late stage of flowering, and ten replicates were obtained for every treatment.
Photosynthetic pigment measurement
Intact and erect leaves from 10 plants in each block were sampled for the extraction and determination of the photosynthetic pigments. The instrument settings and parameters were the same as described previously (Garousi et al., 2016) .
Malondialdehyde content
The malondialdehyde (MDA) content was measured from leaves based on Zhang and Huang's method (Zhang & Huang, 2013) .
Peroxidase (POX) activity
The peroxidase activity of leaves was assayed following Sanchez et al.'s method (Sanchez et al., 1995) .
Total soluble protein content
Total soluble protein content of leaves was determined using the method followed by Bradford (Bradford, 1976) .
Dry mass measurement
Above-ground parts of samples were collected at the late stage of flowering and separated into different parts of the leaves and stems. All samples were freeze-dried (ALPHA 1-4, Osterode am Herz, Germany) and milled (Fritsch, Pulverisette 7, Idar-Oberstein, Germany). These two parts were weighed using an analytical scale with an accuracy of 0.001 g (OHAUS Explorer, Switzerland) to record their dry masses.
Quantification of total Se and sulphur
The instrument settings and parameters were the same as described previously (Garousi et al., 2017) .
Data analysis
Data were analysed statistically by SPSS 19.0 software (2010). Standard error was calculated, and analysis of variance (ANOVA) was done on the data to detect the minimum significance difference (Tukey) between treatment means with the level of significance at P ≤ 0.05.
Results

Photosynthetic pigments
Among all treatments, the concentrations of photosynthetic pigments were the highest in Se + S and the lowest in S. The contents of photosynthetic pigments are shown in Table 1 . Concentrations of chlorophyll a, b and carotenoids were significantly increased by about 15.7, 25.2, and 18.7%, respectively, in Se + S treatments, compared to those with S exposure. Se samples were gradually increased in comparison with those under control conditions. 
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Malondialdehyde content
Compared to the control plants, the concentrations of MDA decreased in the three treatments when exposed to Se (by 15.2), Se + S (by 15.0), and S (by 9.4 %) ( Table 1 ) .
Peroxidase (POX) activity
Under Se exposure, the activity of POX was enhanced by 3.7% in comparison with those under control conditions. In contrast, under S and Se + S exposure, POX was inhibited by 8.4 and 18.8%, respectively, as compared to those under control conditions ( Table 1 ) .
Total soluble protein content
Sulphur significantly increased the content of soluble protein in leaves by 5.9%, just as selenium, which increased the soluble protein by 4.3% compared to the control ( Table 1 ). However, in plants which received both selenium and sulphur, the protein content dropped by 0.7%.
Dry mass
After the experimental period, the biomass increment of alfalfa plants was monitored ( Table 2 ). Total leaves and stem biomass of all treated samples was markedly higher than in those grown under control. The biomass of stem and leaves formed during Se + S exposure was higher compared to the biomass of plants treated only with Se or S.
Quantification of total Se and sulphur
In all examined samples, alfalfa leaves accumulated significantly higher Se and S than stems, whereas sulphate supplementation did not change significantly the sulphur content in either leaves or stems. Selenium concentration became very low as undetectable, selenate treatment caused 5-and 3-fold higher Se in leaves and stems, respectively. Furthermore, the concentration of Se in both the leaves and stem parts of alfalfa was 7-and 6-fold higher, respectively, in plants treated with both S and Se. Treatment with both Se and S did not cause significant changes in the sulphur concentration of leaves although its amount in the stems was very low, of 1-fold, in comparison with those under control conditions ( Table 2 ). for dry mass measurement and n = 3 ± s.e. for Se and S concentrations).
Discussion
In every terrestrial plant species, the assimilation of selenium in plants occurs via the same metabolic pathway of sulphur (Barak & Goldman, 1997) . It should be noted that the absorption of selenate competes with the uptake of sulphate (Arnault & Auger, 2006) . Se contributions such as selenate cause the decline in the concentration of S metabolites even when there are high amounts of available sulphate (Van Hoewyk et al., 2008) . Results show some pronounced properties of non-hyperaccumulator alfalfa (Medicago sativa L. cv. Verko) with regard to Se and S accumulation and movement within the plant.
Dry mass in both the leaves and stem was significantly higher in Se-, S-, and Se + S-treated plants than in controls ( Table 2 ). In the present study, a 3 g Se ha −1 solution of selenate and 3 g S ha −1 sulphate as well as a combination of both elements clearly caused to stimulate the biomass of alfalfa plant. The application of Se in plants increases biomass accumulation (Cheng et al., 2016) or yield (Põldma et al., 2013) . Growth-promoting Se effects have been reported in lettuce (Xue et al., 2001) , ryegrass (Hartikainen et al., 1997; Hartikainen & Xue, 1999) , and soybean (Djanaguiraman et al., 2005) . On the other hand, Se application did not have any significant effect on the dry weight of other crops such as red cabbage that was treated with a 0.025 mM aqueous solution of selenate every second day for two months or a 6.3 mM solution used twice in the test period in fertilized soil (Mechora et al., 2011) , red chicory sprayed with an aqueous solution of sodium selenate (12.6 mM) foliarly twice (Germ et al., 2007) , and potato cultivated in quartz sand and fertilized once a week with sodium selenate, the amounts corresponding to 0.075 mg and 0.3 mg Se kg −1 (Turakainen et al., 2004) .
The application of Se + S significantly increased photosynthetic pigment content (chlorophyll a, chlorophyll b, and total carotenoids). Previous works have shown useful influences of Se on chlorophyll contents in various crops such as spinach (Saffaryazdi et al., 2012) and wheat (Yao et al., 2009 ). Due to the positive effects of Se and S, an increase in chlorophyll content could be seen in terms of chlorophyll synthesis, the degradation of chlorophyll could be prevented, or both (Yao et al., 2010; Wang, 2011; Iqbal et al., 2015) . This kind of useful Se effects on the biosynthesis of photosynthetic pigments by protecting chloroplast enzymes have been seen in leaves of spinach (Pennanen et al., 2002) . In the work, the individual application of Se and S did not have any significant effect on the photosynthetic pigments, while foliar S applications reduced them ( Table 1 ) .
Foliar applications of Se and Se + S reduced leaf MDA content ( Table 1 ). The decline of Se-mediated in MDA may be attributed to its useful effect and to activating the antioxidants in stressed plants (Pukacka et al., 2011) . Moreover, Se could act as an antioxidant and reduce the amount of ROS (Filek et al., 2008) , perhaps due to its metabolism regarding selenite and then regarding the volatile dimethylselenide (Pilon-Smits et al., 1998). The findings suggested that foliar Se and Se + S acted as both a ROS quencher and an increaser of antioxidant activity, whereupon reducing lipid peroxidation.
Whereas the foliar application of Se increased the effect of POX activity in alfalfa plants, Se + S treatment caused reduction in its activity ( Table 1 ). Previous works showed that the application of Se did not change antioxidant activities (Tan et al., 2012) , while Khattab (2004) found that Se-mediated changes caused significant decline in antioxidant enzymatic activities. On the other hand, applications of Se caused an increase of enzymatic antioxidant capacity in plants exposed to various stresses (Hu et al., 2013a, b; Iqbal et al., 2015) . As several results suggest, we may conclude that Se effects are based on concentration (Hu et al., 2013a, b) , type of stress, and crop species (Iqbal et al., 2015) .
The foliar application of Se causes sulphur replacement in amino acids, with further changes in the protein three-dimensional structure and also causing the impairment of enzymatic function (Amweg et al., 2003) . The findings of this work therefore showed that Se + S concentration reduced protein content, whereas S treatment significantly improved protein content compared to those of the non-treated control plants ( Table 1 ) . Se concentration was greater both in the stem and the leaves of plants treated foliarly with Se ( (Sors et al., 2005) . This could be adjusted for foliarly fertilized plants, and, if so, it may be the reason for a higher Se concentration in Se + Streated alfalfa plants mentioned in the present work than in plants treated with just Se.
On a global scale, Se shortage in livestock diets is very usual, and natural supplements provide a very good source of this element. According to the concentration of Se in alfalfa, an adequate amount of Se + S-treated plants can provide an Se supplement dose that has been associated with reduced risk of white muscle disease, reproductive and production losses, and immune system dysfunction (Filley et al., 2007) .
Conclusions
The present work has shown that the foliar spray of Se, S, and Se + S causes a higher concentration of Se in plants treated with Se + S than in plants treated with Se or S alone. Furthermore, Se + S treatment increases biomass and photosynthetic pigments, whereas it decreases malondialdehyde content and peroxidase activity in these plants as non-hyperaccumulators. The effect of S on Se accumulation in plants can be regarded as a strategy for the safe development of Se-rich crops.
